Introduction {#sec1}
============

Benzannulation is one of the powerful synthetic protocols for the synthesis of benzene derivatives from acyclic starting materials.^[@ref1],[@ref5]^ One of the earliest examples of benzannulation was reported in 1866 by Berthelot et al. for the synthesis of benzene by thermal cyclotrimerization of acetylene;^[@ref2]^ later this reaction was improved by Reppe et al. through transition-metal-catalyzed cyclotrimerization.^[@ref3]^ In 1984, Danheiser et al. reported a highly regioselective synthesis of phenols through benzannulation of a cyclobutanone with alkynols.^[@cit4a]^ Since then, several benzannulation reactions were developed throughout the globe to furnish benzene derivatives. Especially, during the last 2 decades, a considerable amount of attention was paid to this reaction to expand its scope in a more controlled and selective manner for showing its application in the synthesis of potential organic molecules or materials.^[@ref5]^

Among the benzene derivatives, anilines are the most useful intermediates in the synthesis of dyes, pharmaceuticals, and agricultural chemicals.^[@ref6]^ Also, biaryl/triaryl amines are a versatile platform for organic and dye-sensitized solar cells.^[@ref7]^ Also, anthranilates especially methyl anthranilate are a popular food additive and also used as a bird repellent in fruit crops. However, till date, very few examples are there in the literature for the synthesis of aniline derivatives through a benzannulation strategy.^[@ref8]−[@ref11]^ For example, Padwa et al. have reported a base-mediated Michael/aldol reaction of β-keto sulfones with enones and amines through a benzannulation protocol.^[@ref8]^ Another benzannulation approach for aniline derivatives was reported through a hypervalent iodine-mediated reaction of enamines with alkynes by Wei et al.^[@ref9]^ Ramachary et al. reported an interesting synthesis of aniline derivatives through an organocatalytic approach from a push--pull dienamine platform.^[@ref10]^ Recently, Li et al. reported an efficient AlCl~3~-catalyzed cycloaddition of chalcones with β-enamino ketones for the synthesis of cyclohexa-1,3-dienamines.^[@ref11]^ Owing to the importance of these aniline derivatives in the fields of pharmaceuticals, materials, and agricultural fields and also due to the limited number of available benzannulation approaches, we are fascinated to develop highly regioselective benzannulation for the synthesis of aniline derivatives from readily available chemicals through a possible sustainable catalysis.^[@ref12]^

As depicted in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}, we proposed the benzannulation reaction starting from easily available chemicals, such as ethyl acetoacetates (**1**), amines (**2**), and enones/chalcones (**3**). In this approach, **1** and **2** react to furnish a β-enamino ester, which can undergo 1,4-conjugate addition on the Michael acceptor (**3**). Here, the amine moiety acts as a reactant as well as a catalyst due to the push--pull effect.^[@ref10]^ Thus, the formation of enamine, followed by amine-triggered intramolecular aldol reaction and elimination (Robinson reaction path), takes place to yield a hexadienyl amine derivative, which can be further oxidized/aromatized to furnish the benzene ring. If debenzylation occurs (when **2** is a benzylamine), then anthranilate **4** can be achieved, as mentioned in the schematic of [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}.

![Hypothesis for the benzannulation reaction.](ao-2017-00753r_0006){#fig1}

Results and Discussion {#sec2}
======================

To test the feasibility of the proposed benzannulation strategy, we selected ethyl acetoacetate, **1a**; benzylamine, **2a**; and (*E*)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-one, **3a** as the model substrates ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). A mixture of **1a** (0.42 mmol), **2a** (0.46 mmol), and **3a** (0.42 mmol) was heated in methanol at 65 °C in the presence of 10 mol % Ca(OTf)~2~/Bu~4~NPF~6~ for 2 h (formation of hexadienyl amine, **3**^**1**^**d**, was observed by thin-layer chromatography (TLC)) and then chloranil (1 equiv) was added to the reaction for oxidative aromatization^[@ref13]^ and the reflux continued for 12 h to isolate the proposed *N*-benzyl ethyl anthranilate (**4a**) in 53% yield (entry 1, [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone was also used for the oxidative aromatization, but it was not effective, probably the reaction was solvent free. A stoichiometric amount of benzoquinone (BQ) was equally effective as chloranil; however, in the latter stage, we tried the debenzylation (refer to [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}) reaction in one pot, but benzoquinone did not work. However, this debenzylation was successful with chloranil and hence we preferred chloranil as the better oxidant. When methanol was replaced by water and the same reaction was repeated, it could not proceed beyond the formation of β-enamino ester (**2**^**1**^**a**; entry 2). Use of other solvents, such as toluene, acetonitrile, and 1,2-dichloro ethane (DCE), could not furnish **4a** in satisfactory yields (entries 3--5). Interestingly, the better yield of **4a** (65%) was observed under solvent-free conditions (entry 6). After studying the solvent case, we moved to investigate the temperature effect to improve the yield of the reaction. Raising the temperature from 80 to 100 °C was found to be the best in producing 81% of **4a** in 4 h (entry 7), but a further rise in temperature to 120 °C neither increased the yield remarkably nor decreased the reaction time (entry 8). After establishing the solvent and temperature effects on the reaction, we planned to see the effect of catalyst loading, but our attempts to minimize the catalyst loadings were not successful (entries 9--13). Use of other catalysts, such as Cu(OTf)~2~, Mg(OTf)~2~, FeCl~3~, and *p*-TSA (entries 14--18), could not find as better condition than entry 7 and hence we considered entry 7 as the optimum condition for the benzannulation reaction.

###### Optimization of the Benzannulation Reaction from Easily Available Ethyl Acetoacetate (**1a**), Benzyl Amine (**2a**), and Chalcone Derivative (**3a**)[a](#t1fn1){ref-type="table-fn"}

![](ao-2017-00753r_0009){#fx1}

  entry                               catalyst (mol %)                  reaction conditions[a](#t1fn1){ref-type="table-fn"}   yield (%)[b](#t1fn2){ref-type="table-fn"}
  ----------------------------------- --------------------------------- ----------------------------------------------------- --------------------------------------------
  1                                   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   MeOH, 65 °C, 12 h                                     53
  2                                   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   H~2~O, 100 °C, 12 h                                   enamine
  3                                   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   toluene, 120 °C, 12 h                                 40
  4                                   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   MeCN, 80 °C, 12 h                                     24
  5                                   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   DCE, 80 °C, 12 h                                      35
  6                                   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   neat, 80 °C, 6 h                                      65
  7[c](#t1fn3){ref-type="table-fn"}   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   neat, 100 °C, 4 h                                     81
  8                                   Ca(OTf)~2~/Bu~4~NPF~6~, (10/10)   neat, 120 °C, 3.75 h                                  80
  9                                   Ca(OTf)~2~/Bu~4~NPF~6~, (5/10)    neat, 100 °C, 6 h                                     65
  10                                  Ca(OTf)~2~/Bu~4~NPF~6~, (10/5)    neat, 100 °C, 6 h                                     73
  11                                  Ca(OTf)~2~, (10)                  neat, 100 °C, 6 h                                     46
  12                                  Bu~4~NPF~6~, (10)                 neat, 100 °C, 6 h                                     25
  13                                  no catalyst                       neat, 100 °C, 15 h                                    20
  14                                  Cu(OTf)~2~, (10)                  neat, 100 °C, 6 h                                     71
  16                                  Mg(OTf)~2~/Bu~4~NPF~6~, (10/10)   neat, 100 °C, 6 h                                     63
  17                                  FeCl~3~, (10)                     neat, 100 °C, 6 h                                     no product[d](#t1fn4){ref-type="table-fn"}
  18                                  *p*-TSA, (10)                     neat, 100 °C, 6 h                                     20

Chloranil (1 equiv) was added in all of the reactions after 2 h for aromatization. 1 equiv of **1a**, 1.1 equiv of **2a**, and 1 equiv of **3a** were used.

Isolated yields.

Optimum conditions.

Complex mixture.

After establishing the suitable reaction conditions for the benzannulation reaction, the scope of this cascade process was investigated with various amines and chalcones/enones, as depicted in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}. Benzylamine was treated with ethyl acetoacetate and chalcones bearing different substitutions on both aryl rings, and the reaction went smoothly to furnish the corresponding tetrasubstituted anthranilates (**4b**--**d**; [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}) in good yields. Methyl acetoacetate also took part in the benzannulation reaction with benzylamine and different enones to produce the respective methyl anthranilates (**4e**--**g**) in good yields. The scope of methylamine was also demonstrated with different chalcones and β-keto esters in furnishing the anthranilates in high yields (**4h**--**j**). Aniline (aromatic amine) was also found to be a very good partner in this benzannulation reaction in producing biaryl amines **4k**--**o** in good yields. Interestingly, cyclohexylamine and *n*-butylamine were also the best substrates to produce **4p** and **4q** in 91 and 88% yields, respectively. Cinnamaldehyde was treated with benzylamine and methyl acetoacetate to furnish trisubstituted anthranilate **4r** in 89% yield. Furthermore, the scope of the reaction was investigated with other enones bearing alkyl groups. (*E*)-5-Methyl-1-phenylhex-2-en-1-one gave aniline derivatives **4s** and **4t** in 71 and 70% respective yields with benzylamine, ethyl acetoacetate, and methyl acetoacetate. (*E*)-4-(*p*-tolyl)but-3-en-2-one yielded ethyl anthranilates **4u** and **4v** with benzylamine and cyclohexylamine, respectively, in good yields. In the case of the reaction between (*E*)-6-methylhept-3-en-2-one and benzylamine, the product was not fully aromatized (obtained **3**^**1**^**d**); however, the addition of dichloromethane to the reaction after 3 h, at room temperature, furnished anthranilate **4w** in 64% yield ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}).

###### Substrate Scope of the Ca(II)-Catalyzed Benzannulation Reaction to Furnish N-Substituted Anthranilates[a](#t2fn1){ref-type="table-fn"}

![](ao-2017-00753r_0001){#fx2}

Reaction conditions: 1 equiv of **1**, 1.1 equiv of **2**, and 1 equiv of **3** were heated under neat conditions at 100 °C for 2 h and then 1 equiv of chloranil was added.

A stoichiometric amount of chloranil was used for aromatization to furnish the aniline derivatives, as described in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}. However, chloranil was also known for the oxidative debenzylation reaction; hence, we thought if we can increase the stoichiometry of chloranil, the debenzylation can be achieved in the case of *N*-benzyl anthranilates. To test this idea, we treated benzylamine, simple chalcone, and ethyl acetoacetate with 10 mol % Ca(OTf)~2~/Bu~4~NPF~6~ and 2 equiv of chloranil under neat conditions at 100 °C for 4.5 h. Interestingly, oxidative debenzylation took place as expected and anthranilate **5a** was isolated in 81% yield ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). Encouraged by this result, we studied the generality of one-pot benzannulation and debenzylation reactions, and the results are summarized in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}. Benzylamine reacted with a broad range of enones and β-keto esters to furnish anthranilates **5b**--**r** in excellent yields, as shown in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}. 6*H*-Benzo\[*c*\]chromen-6-ones are vital molecules among the broad class of benzochromenones,^[@ref14]^ and they are also an integral part of many natural products.^[@ref15]^ For example, 7-amino-3-hydroxy-6*H*-benzo\[*c*\]chromen-6-one was reported as a key intermediate for the synthesis of selective glucocorticoid receptor agonist compounds.^[@ref16]^ Owing to these important biological features of 6*H*-benzo\[*c*\]chromen-6-ones, we thought of possible expansion of our benzannulation protocol to the synthesis of these molecules with amine incorporation (new chemical entities). Encouraged by the biological importance of such structures and lack of general synthetic procedures, we commenced our synthesis with benzylamine, ethyl acetoacetate, and (*E*)-3-(2-hydroxyphenyl)-1-phenylprop-2-en-1-one (**7a**) and proceeded with the standard benzannulation conditions. As expected, 9-phenyl-7-(phenylamino)-6*H*-benzo\[*c*\]chromen-6-one (**6a**) was isolated in 79% yield after 3.5 h ([Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"}), whose structure was further confirmed by X-ray analysis (CCDC-1541549). Gratifyingly, the methodology is very general and worked with a broad range of amines, such as benzylamine (**6a**, **6b**), aniline (**6c**, **6d**), cyclohexylamine (**6e**), *n*-butylamine (**6f**), methylamine (**6g**, **6h**), and 2-phenylethan-1-amine (**6i**), as depicted in [Table [4](#tbl4){ref-type="other"}](#tbl4){ref-type="other"}. Chloranil-promoted oxidative debenzylation protocol was also successfully employed here in furnishing the corresponding 7-amino 6*H*-benzo\[*c*\]chromen-6-ones **6j** and **6k** in decent yields.

###### Substrate Scope of the Ca(II)-Catalyzed Benzannulation Reaction to Furnish Anthranilates[a](#t3fn1){ref-type="table-fn"}

![](ao-2017-00753r_0002){#fx3}

Reaction conditions: 1 equiv of **1**, 1.1 equiv of **2**, and 1 equiv of **3** were heated under neat conditions at 100 °C for 2 h, and then 2.5 equiv of chloranil was added.

###### Substrate Scope of One-Pot Benzannulation/Lactonization for the Synthesis of Amino-Benzochromenones[a](#t4fn1){ref-type="table-fn"}^,^[b](#t4fn2){ref-type="table-fn"}

![](ao-2017-00753r_0003){#fx4}

Reaction conditions: 1 equiv of **1**, 1.1 equiv of **2**, and 1 equiv of **3** were heated under neat conditions at 100 °C for 2 h, and then 1 equiv of chloranil was added.

Chloranil (2 equiv) was used.

The plausible mechanism for Ca(II)-promoted one-pot, cascade benzannulation is described in [Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}. Initially, ethyl acetoacetate (**1**) and primary amine (**2**) condense to form a β-enamino ester (**2**^**1**^**a**). In the next step, Ca(II) acts as a Lewis acid and activates the chalcone (**3**) to facilitates the Michael addition of β-enamino ester to furnish 1,4-adduct **3**^**1**^**a**, which isomerizes to enamine **3**^**1**^**b**. An intramolecular aldol reaction followed by elimination furnished diene **3**^**1**^**d** (isolated and characterized). Oxidative aromatization of **3**^**1**^**d** to anthranilate **4** was achieved with chloranil. Debenzylation of **4** (if R~1~ = benzyl) with an excess of chloranil furnished free amine **5**. Interestingly, when R~2~ is 2-hydroxyphenyl in compound **4** (**4a**), again a Ca(II)-mediated nucleophilic substitution at the sp^2^ center (**4a**) could take place to furnish 7-amino 6*H*-benzo\[*c*\]chromen-6-one (**6**) by the loss of ethanol. Here also chloranil can be added in an excess to achieve debenzylation (if R~1~ = benzyl) to yield 7-amino 6*H*-benzo\[*c*\]chromen-6-one (**6**).

![Plausible Mechanism for the Ca(II)-Promoted, Amine-Triggered Benzannulation Reaction](ao-2017-00753r_0005){#sch1}

After discovering a novel one-pot amine-triggered Ca(II)-promoted benzannulation reaction for the synthesis of aniline derivatives, we planned to demonstrate the synthetic utility of these compounds ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). Hence, aniline **5b** was subjected to an I~2~-mediated Povarov-type^[@ref17]^ \[3 + 2 + 1\] cycloaddition to synthesize quinoline derivative **8** in 54% yield ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). Similarly, another tricyclic anthranilate, 7-amino-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one (**6i**), was also reacted with acetophenone and styrene in the presence of I~2~-dimethyl sulfoxide (DMSO) to furnish tetracyclic quinoline derivative **9** in 49% yield through a Povarov cycloaddition reaction.

![Synthetic Utility of Aniline Derivatives in the Synthesis of Quinolines through the I~2~-Mediated Povarov Reaction](ao-2017-00753r_0008){#sch2}

Another interesting synthetic application of these aniline derivatives (**5b** and **5g**) has been described in a Cu(OTf)~2~-mediated one-pot 3-component synthesis^[@ref18]^ of quinolines **10** and **11** in 61 and 63% yields, as mentioned in [Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}.

![Synthetic Utility of Aniline Derivatives in Cu-Mediated 3-Component Quinoline Synthesis](ao-2017-00753r_0004){#sch3}

In conclusion, we have developed a highly facile benzannulation reaction using easily available starting materials, such as enones, amines, and β-keto esters, under one-pot, solvent-free conditions. This is one of the unique methods and probably the first method for the simpler synthesis of anthranilates. The synthetic protocol is very general and extended to the synthesis of tricyclic anthranilates, namely, 7-amino 6*H*-benzo\[*c*\]chromen-6-ones. We authenticated the proposed reaction mechanism by isolation of the intermediates. Furthermore, we demonstrated the synthetic utility of these products. Large substrate scope, high yields, and reasonably longer cascade approach are few other highlights of this work.

Experimental Section {#sec3}
====================

General Remarks {#sec3.1}
---------------

Unless otherwise noted, all commercial reagents and solvents were used without additional purification. ^1^H NMR and ^13^C NMR spectra were recorded at 500, 400 and 125, 100 MHz, respectively, in CDCl~3~, using an internal reference on an Avance Bruker spectrometer. HRMS were recorded using ESI-TOF techniques. Melting points were measured with a LABINDIA MR-VIS OSD apparatus. Products were purified by flash chromatography on 60--120 mesh silica gels using petroleum ether/ethyl acetate as the eluent.

General Procedure for the Synthesis of **4a** {#sec3.2}
---------------------------------------------

To a round-bottom flask equipped with a magnetic stir bar was added ethyl acetoacetate (**1**; 54 mg, 0.42 mmol), benzyl amine (**2**; 50 mg, 0.46 mmol), chalcone (**3a**; 100 mg, 0.42 mmol), Ca(OTf)~2~ (14 mg, 10 mol %), and Bu~4~NPF~6~ (16 mg, 10 mol %), and the reaction mixture was stirred at 100 °C for 2 h. Then, chloranil (102 mg, 0.42 mmol) was added to the reaction mixture and the mixture was stirred at 100 °C for additional 1.5 h. Upon reaction completion (as monitored by TLC), the mixture was cooled to room temperature and loaded directly atop a wet-packed silica gel column. Chromatography with ethyl acetate (EtOAc) in hexanes as the eluent afforded product **4a** (148 mg, 81%), identified by its bright blue UV activity on TLC.

General Procedure for the Synthesis of **5a** {#sec3.3}
---------------------------------------------

To a round-bottom flask equipped with a magnetic stir bar was added ethyl acetoacetate (**1**; 62 mg, 0.48 mmol), benzyl amine (**2a**; 56 mg, 0.52 mmol), chalcone (**3**; 100 mg, 0.48 mmol), Ca(OTf)~2~ (16 mg, 10 mol %), and Bu~4~NPF~6~ (18 mg, 10 mol %), and the reaction mixture was stirred at 100 °C for 2 h. Then, chloranil was added (233 mg, 0.96 mmol) to the reaction mixture and the mixture was stirred at 100 °C for another 2.5 h. Upon reaction completion (as monitored by TLC), the mixture was cooled to room temperature and loaded directly atop a wet-packed silica gel column. Chromatography with ethyl acetate (EtOAc) in hexanes as the eluent afforded product **5a** (123 mg, 81%), identified by its bright blue UV activity on TLC.

General Procedure for the Synthesis of **6a** {#sec3.4}
---------------------------------------------

To a round-bottom flask equipped with a magnetic stir bar was added ethyl acetoacetate (**1**; 58 mg, 0.44 mmol), benzyl amine (**2**; 52 mg, 0.49 mmol), chalcone (**7**; 100 mg, 0.44 mmol), Ca(OTf)~2~ (15 mg, 10 mol %), and Bu~4~NPF~6~ (17 mg, 10 mol %), and the reaction mixture was stirred at 100 °C for 2 h. Then, chloranil was added (108 mg, 0.44 mmol) to the reaction mixture and the mixture was stirred at 100 °C for another 1.5 h. Upon reaction completion (as monitored by TLC), the mixture was cooled to room temperature and loaded directly atop a wet-packed silica gel column. Chromatography with ethyl acetate (EtOAc) in hexanes as the eluent afforded product **6a** (133 mg, 79%), identified by its bright blue UV activity on TLC.

General Procedure for the Synthesis of **8** {#sec3.5}
--------------------------------------------

To a round-bottom flask equipped with a magnetic stir bar was added acetophenone (17 mg, 0.14 mmol), styrene (15 mg, 0.14 mmol), and **5b** (50 mg, 0.14 mmol) in the presence of I~2~ (36 mg, 0.28 mmol) in DMSO (2 mL), and the reaction mixture was stirred at 80 °C for the indicated time. Upon reaction completion (as monitored by TLC), the mixture was cooled with cold water and extracted with EtOAc (20 mL × 3). The combined organic layer was dried over anhydrous Na~2~SO~4~. The residue loaded atop a wet-packed silica gel column. Chromatography with ethyl acetate (EtOAc) in hexanes as the eluent afforded product **8** (43 mg, 54%), identified by its bright blue UV activity on TLC.

General Procedure for the Synthesis of **10** {#sec3.6}
---------------------------------------------

To a round-bottom flask equipped with a magnetic stir bar was added **5b** (50 mg, 0.14 mmol), 4-fluoro benzaldehyde (22 mg, 0.17 mmol), phenyl acetylene (18 mg, 0.17 mmol), and Cu(OTf)~2~ (3 mg, 5 mol %), and reaction mixture was stirred at 100 °C for 4.5 h. Upon reaction completion (as monitored by TLC), the mixture was cooled to room temperature and loaded directly atop a wet-packed silica gel column. Chromatography with ethyl acetate (EtOAc) in hexanes as the eluent afforded product **10** (48 mg, 61%), identified by its bright blue UV activity on TLC.

### Ethyl 5′-(Benzylamino)-4″-methoxy-2′,3′-dihydro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(3**^**1**^**d)** {#sec3.6.1}

Yellow liquid, yield: (156 mg, 93%); ^1^H NMR (500 MHz, CDCl~3~): δ 9.48 (s, 1H), 7.43 (d, *J* = 4.5 Hz, 4H), 7.33--7.24 (m, 8H), 6.81 (d, *J* = 8.5 Hz, 2H), 6.65 (s, 1H), 4.66 (d, *J* = 6.5 Hz, 2H), 4.31 (d, *J* = 7.5 Hz, 1H), 4.21--4.09 (m, 2H), 3.78 (s, 3H), 3.19--3.13 (m, 1H), 2.98--2.95 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 17 Hz, 1H), 1.23 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.5, 157.8, 154.9, 146.3, 140.2, 139.5, 137.7, 128.8, 128.6, 128.5, 128.2, 127.3, 127.0, 125.9, 116.3, 113.4, 91.2, 58.9, 55.1, 46.9, 36.0, 35.3, 14.6 ppm; IR (KBr): 2931, 2832, 1727, 1665, 1512, 1249 cm^--1^; (ESI Mass) *m*/*z* calcd: C~29~H~29~NO~3~ \[M + H\]^+^ 440.2225; found 440.2213.

### Ethyl 5′-(Benzylamino)-4″-methoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4a)** {#sec3.6.2}

Yellow solid, yield: (148 mg, 81%), mp: 106--107 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.43 (d, *J* = 6.8 Hz, 2H), 7.33--7.16 (m, 11), 6.83 (d, *J* = 8.4 Hz, 2H), 6.75 (d, *J* = 10.4 Hz, 2H), 4.41 (d, *J* = 5.2 Hz, 2H), 3.88--3.84 (q, 2H), 3.76 (s, 3H), 0.70 (t, *J* = 7.2 Hz, 3H) ppm; ^13^C NMR (100 MHz, CDCl~3~): 168.8, 157.5, 147.8, 143.3, 143.1, 139.6, 137.7, 134.9, 127.9, 127.5, 127.4, 127.3, 126.6, 126.1, 126.0, 116.7, 112.2, 111.4, 107.6, 59.2, 54.2, 46.5, 12.1 δ ppm; IR (KBr): 3485, 3377, 1689, 1605, 1496, 1269 cm^--1^; (ESI Mass) *m*/*z* calcd: C~29~H~27~NO~3~ \[M + H\]^+^ 438.2068; found 438.2053

### Ethyl 5′-(Benzylamino)-3″-phenoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4b)** {#sec3.6.3}

Pale white solid, yield: (124 mg, 75%), mp: 144--145 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.52 (d, *J* = 7.5 Hz, 2H), 7.43--7.34 (m, 11H), 7.12 (d, *J* = 8 Hz, 2H), 7.11--7.05 (m, 5H), 6.87--6.85 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 4 Hz, 2H), 4.52 (d, *J* = 5.5 Hz, 2H), 4.02--3.97 (q, 2H), 0.88 (t, *J* = 7.5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.6, 157.2, 157.0, 149.4, 145.6, 144.8, 144.3, 140.7, 138.8, 129.7, 129.1, 128.7(2C), 127.9, 127.3, 127.2, 126.7, 123.3, 123.2, 118.9, 118.6, 117.8, 117.1, 112.0, 109.4, 60.4, 47.7, 13.3 ppm; IR (KBr): 3059, 2899, 1681, 1564, 1230 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~34~H~29~NO~3~ \[M + H\]^+^ 500.2225; found 500.2229.

### Ethyl 5′-(Benzylamino)-4″-nitro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4c)** {#sec3.6.4}

Pale yellow solid, yield: (123 mg, 69%), mp: 146--147 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.29--8.27 (dd, *J*~1~ = 2 Hz, *J*~2~ = 6 Hz, 2H), 7.53--7.51 (m, 5H), 7.45--7.33 (m, 8H), 6.95 (d, *J* = 1.5 Hz, 1H), 6.79 (d, *J* = 1.5 Hz, 1H), 4.56 (d, *J* = 5 Hz, 2H), 3.97--3.93 (q, 2H), 0.76 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 168.9, 151.1, 150.1, 146.7, 145.2, 143.1, 140.2, 138.5, 128.9, 128.8(2C), 128.3, 127.4, 127.2, 127.2, 123.1, 117.4, 110.6, 110.3, 60.5, 47.6, 13.2 ppm; IR (KBr): 3483, 2925, 1687, 1594, 1515, 1345 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~28~H~24~N~2~O~4~ \[M + H\]^+^ 453.1814; found 453.1814.

### Ethyl 5′-(Benzylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4d)** {#sec3.6.5}

Yellow solid, yield: (156 mg, 80%), mp: 134--135 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.57--7.56 (dd, *J*~1~ = 1 Hz, *J*~2~ = 8 Hz, 3H), 7.48--7.38 (m, 12H), 7.06 (s, 1H), 6.92 (d, *J* = 4 Hz, 2H), 4.56 (d, *J* = 4.5 Hz, 2H), 3.97--3.93 (q, 2H), 0.76 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.9, 149.3, 145.0, 144.7, 143.7, 140.8, 138.9, 128.8, 128.7, 128.1, 128.0, 127.9, 127.3(2C), 127.2, 126.7, 117.9, 112.4, 109.2, 60.4, 47.7, 13.1 ppm; IR (KBr): 3155, 3394, 3029, 1950, 1682, 1564 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~28~H~25~NO~2~ \[M + H\]^+^ 408.1963; found 408.1962.

### Methyl 5′-(Benzylamino)-4″-methyl-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4e)** {#sec3.6.6}

Pale white solid, yield: (152 mg, 83%), mp: 115--116 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.56--7.54 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 3 Hz, 3H), 7.47--7.38 (m, 7H), 7.34--7.23 (m, 5H), 6.92 (d, *J* = 2 Hz, 1H), 6.88 (d, *J* = 1.5 Hz, 1H), 7.85 (s, 1H), 4.54 (d, *J* = 5.5 Hz, 2H), 3.48 (s, 3H), 2.44 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.5, 149.0, 144.7, 144.6, 140.9, 140.3, 138.9, 136.5, 128.8, 128.7(2C), 127.9, 127.8, 127.3(2C), 127.2, 118.0, 112.5, 109.0, 51.3, 47.7, 21.2 ppm; IR (KBr): 3023, 2950, 1687, 1514, 1245 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~28~H~25~NO~2~ \[M + H\]^+^ 408.1963; found 408.1963.

### Methyl 5′-(Benzylamino)-4″-methoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4f)** {#sec3.6.7}

Red solid, yield: (129 mg, 72%), mp: 103--104 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.55 (d, *J* = 7 Hz, 2H), 7.46--7.38 (m, 7H), 7.33--7.32 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 4 Hz, 3H), 6.98--6.96 (dd, *J*~1~ = 2 Hz, *J*~2~ = 8.5 Hz, 2H), 6.91--6.77 (m, 3H), 4.54 (d, *J* = 5.5 Hz, 2H), 3.89 (s, 3H), 3.50 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.5, 158.7, 149.0, 144.7, 144.2, 140.9, 138.9, 135.8, 129.0, 128.8, 128.7, 127.9, 127.3(2C), 127.2, 117.9, 113.5, 112.5, 108.9, 55.3, 51.4, 47.7 ppm; IR (KBr): 3478, 3378, 1607, 1450, 1178 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~28~H~25~NO~3~ \[M + H\]^+^ 424.1912; found 424.1913.

### Methyl 5′-(Benzylamino)-3-bromo-4″-methoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4g)** {#sec3.6.8}

Brown solid, yield: (136 mg, 86%), mp: 123--124 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.65 (t, *J* = 2 Hz, 1H), 7.49--7.38 (m, 6H), 7.30--7.28 (dd, *J*~1~ = 3 Hz, *J*~2~ = 8.5 Hz, 2H), 7.04 (s, 1H), 6.97--6.95 (dd, *J*~1~ = 2.5 Hz, *J*~2~ = 9 Hz, 2H), 6.83--6.79 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 20.5 Hz, 3H), 5.80 (s, 1H), 4.52 (s, 2H), 3.88 (s, 3H), 3.48 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.4, 158.8, 148.9, 145.9, 144.4, 143.1, 143.0, 138.7, 135.5, 130.7, 130.3, 130.2, 129.0, 128.8, 127.3, 125.8, 122.8, 117.7, 115.0, 113.5, 108.8, 55.3, 51.5, 47.7 ppm; IR (KBr): 3049, 2981, 1660, 1549, 1416, 1198 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~28~H~24~BrNO~3~ \[M + H\]^+^ 502.1017; found 502.1016.

### Methyl 5′-(Methylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4h)** {#sec3.6.9}

Pale white solid, yield: (138 mg, 91%), mp: 111--112 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.68--7.66 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 8.5 Hz, 2H), 7.47 (t, *J* = 8.5 Hz, 2H), 7.42--7.34 (m, 6H), 6.90--6.88 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 5.5 Hz, 2H), 6.56 (s, 1H), 3.42 (s, 3H), 3.00 (d, *J* = 4.5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.4, 150.2, 144.9, 144.7, 143.4, 141.0, 128.7, 127.9(3), 127.3, 126.8, 117.5, 112.0, 108.2, 51.2, 30.2 ppm; IR (KBr): 3455, 3019, 1667, 1549, 1107 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~19~NO~2~ \[M + H\]^+^ 318.1493; found 318.1495.

### Ethyl 5′-(Methylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4i)** {#sec3.6.10}

Pale white solid, yield: (148 mg, 93%), mp: 127--128 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.72--7.00 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 8.5 Hz, 2H), 7.50 (t, *J* = 7.5 Hz, 3H), 7.44--7.40 (m, 5H), 6.93 (s, 2H), 6.61 (s, 1H), 3.98--3.94 (q, 2H), 3.03 (d, *J* = 3.5 Hz, 3H), 0.77 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.9, 150.4, 144.9, 144.8, 143.8, 141.0, 128.8, 128.1, 128.0, 127.9, 127.4, 126.7, 117.6, 112.2, 108.2, 60.3, 30.2, 13.2 ppm; IR (KBr): 3481, 2811, 1633, 1617, 1239 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~22~H~21~NO~2~ \[M + H\]^+^ 332.1650; found 362.1751.

### Ethyl 4″-Methoxy-5′-(methylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4j)** {#sec3.6.11}

Yellow solid, yield: (141 mg, 93%), mp: 118--119 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.56--7.55 (dd, *J*~1~ = 1 Hz, *J*~2~ = 7 Hz, 2H), 7.46 (t, *J* = 7.5 Hz, 2H), 7.40 (d, *J* = 7 Hz, 1H), 7.30--7.17 (m, 2H), 6.84 (d, *J* = 9.5 Hz, 2H), 6.77--6.75 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 8.5 Hz, 2H), 6.42 (s, 1H), 3.87--3.76 (q, 2H), 3.76 (s, 3H), 2.88 (d, *J* = 3 Hz, 3H), 0.71 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.1, 158.8, 150.1, 144.7, 144.3, 141.1, 140.8, 136.1, 129.1, 128.7, 127.8, 127.3, 117.5, 113.4, 107.9, 60.3, 55.4, 30.2, 13.4 ppm; IR (KBr): 3266, 3033, 1697, 1433, 1287 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~23~H~23~NO~3~ \[M + H\]^+^ 362.1755; found 362.1751.

### Methyl 5′-(Phenylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4k)** {#sec3.6.12}

Pale white solid, yield: (153 mg, 84%), mp: 86--87 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.10 (s, 1H), 7.62--7.60 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 7 Hz, 3H), 7.47--7.38 (m, 10H), 7.31 (d, *J* = 7.5 Hz, 2H), 7.14 (s, 1H), 7.09 (t, *J* = 7 Hz, 1H), 3.50 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.1, 144.9, 144.4, 144.3, 142.6, 141.7, 140.3, 129.6, 129.5, 128.8(2C), 128.2, 128.1, 127.9, 127.3, 127.1, 122.6, 120.5, 113.2, 51.6 ppm; IR (KBr): 3312, 2911, 1640, 1567, 1236 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~26~H~21~NO~2~ \[M + H\]^+^ 380.1650; found 380.1644.

### Methyl 4-Methoxy-5′-(phenylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4l)** {#sec3.6.13}

Pale green solid, yield: (151 mg, 88%), mp: 79--80 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.08 (s, 1H), 7.55--7.52 (m, 3H), 7.44--7.35 (m, 8H), 7.27 (s, 1H), 7.07 (s, 2H), 6.96 (d, *J* = 9 Hz, 2H), 3.86 (s, 3H), 3.46 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.1, 159.7, 144.9, 144.4, 143.8, 142.8, 141.7, 132.6, 129.5, 128.3, 128.1, 127.8, 127.0, 122.5, 120.5, 120.2, 117.3, 114.2, 112.6, 55.3, 51.5 ppm; IR (KBr): 3373, 2925, 1690, 1592, 1433, 1259 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~27~H~23~NO~3~ \[M + H\]^+^ 410.1755; found 410.1755.

### Ethyl 4″-Bromo-5′-(phenylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4m)** {#sec3.6.14}

Colorless solid, yield: (134 mg, 81%), mp: 135--136 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.29 (s, 1H), 7.58--7.56 (m, 5H), 7.45--7.36 (m, 5H), 7.29--7.27 (m, 4H), 6.08 (t, *J* = 7 Hz, 1H), 7.01 (s, 1H), 4.02--3.98 (q, 2H), 0.85 (t, *J* = 7.5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.3, 145.4, 144.3, 143.4, 142.0, 141.5, 140.1, 131.1, 129.7, 129.5, 128.8, 128.1, 127.2, 122.8, 121.1, 120.8, 120.1, 115.7, 113.2, 60.9, 13.3 ppm; IR (KBr): 3297, 2866, 1634, 1488, 1153 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~27~H~22~BrNO~2~ \[M + H\]^+^ 472.0911; found 472.0904.

### Ethyl 4″-Methoxy-5′-(phenylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4n)** {#sec3.6.15}

Pale yellow solid, yield: (154 mg, 87%), mp: 132--133 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.05 (s, 1H), 7.59--7.56 (m, 3H), 7.43 (t, *J* = 6.5 Hz, 2H), 7.38--7.34 (m, 5H), 7.28 (d, *J* = 7.5 Hz, 2H), 7.09--7.06 (m, 2H), 6.99 (d, *J* = 9 Hz, 2H), 4.04--3.99 (q, 2H), 3.89 (s, 3H), 0.87 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.8, 159.0, 144.7, 144.0, 143.9, 141.8, 140.4, 135.3, 129.5, 129.1, 128.8, 127.9, 127.2, 122.4, 120.6, 120.4, 116.8, 113.6, 112.8, 60.9, 55.4, 13.4 ppm; IR (KBr): 3276, 3121, 1687, 1549, 1234 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~28~H~25~NO~3~ \[M + H\]^+^ 424.192; found 424.1912.

### Methyl 4″-Fluoro-5′-(phenylamino)-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4o)** {#sec3.6.16}

Green solid, yield: (140 mg, 80%), mp: 173--174 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.09 (s, 1H), 7.58--7.56 (m, 3H), 7.44 (t, *J* = 7 Hz, 2H), 7.40--7.34 (m, 6H), 7.27 (d, *J* = 7.5 Hz, 1H), 7.15--7.04 (m, 5H), 3.51 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.9, 145.1, 144.3, 143.3, 141.5, 140.1, 129.5(2C), 129.4, 129.3, 128.8, 128.1, 127.2, 122.7, 120.7, 120.4, 115.1, 114.9, 113.2, 51.6 ppm; IR (KBr): 3412, 3059, 1684, 1512, 1237 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~26~H~20~FNO~2~ \[M + H\]^+^ 398.1556; found 398.1560.

### Ethyl 5′-(Cyclohexylamino)-4″-fluoro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4p)** {#sec3.6.17}

Pale yellow solid, yield: (168 mg, 91%), mp: 145--146 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.65 (d, *J* = 7.5 Hz, 2H), 7.49 (t, *J* = 7 Hz, 2H), 7.43 (d, *J* = 7.5 Hz, 1H), 7.35--7.32 (m, 2H), 7.11 (t, *J* = 8.5 Hz, 2H), 6.94 (s, 1H), 6.78 (s, 1H), 6.73 (s, 1H), 3.99--3.95 (q, 2H), 3.53 (s, 1H), 2.15--2.13 (m, 2H), 1.85--1.82 (m, 2H), 1.71--1.68 (m, 1H), 1.49--1.39 (m, 5H), 0.83 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.7, 163.0, 161.1, 148.8, 144.8, 144.1, 141.1, 140.1, 140.1, 129.5, 129.4, 128.9, 128.8, 127.9, 127.3, 127.2, 117.1, 114.8, 114.6, 111.5, 109.4, 60.3, 51.0, 33.0, 25.9, 24.7, 13.3 ppm; IR (KBr): 2930, 2855, 1683, 1597, 1564, 1512, 1226 cm^--1^; (ESI Mass) *m*/*z* calcd: C~27~H~28~FNO~2~ \[M + H\]^+^ 418.2182; found 418.2163.

### Ethyl 5′-(Butylamino)-4″-fluoro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(4q)** {#sec3.6.18}

Pale green solid, yield: (152 mg, 88%), mp: 136--137 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.68 (d, *J* = 9.5 Hz, 2H), 7.49 (t, *J* = 9 Hz, 2H), 7.42 (d, *J* = 9 Hz, 1H), 7.37--7.33 (m, 2H), 7.12 (t, *J* = 10.5 Hz, 2H), 6.94 (s, 1H), 6.84 (s, 1H), 6.71 (s, 1H), 3.99--3.95 (q, 2H), 3.32 (t, *J* = 8.5 Hz, 2H), 1.79--1.74 (q, 2H), 1.58--1.52 (q, 2H), 1.05 (t, *J* = 9.5 Hz, 3H), 0.84 (t, *J* = 9 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.7, 163.3, 160.8, 149.8, 144.9, 144.0, 140.9, 140.0, 139.9, 129.6, 129.5, 128.8, 128.0, 127.3, 117.4, 114.8, 114.6, 111.6, 108.8, 60.3, 43.2, 31.3, 20.4, 13.9, 13.3 ppm; IR (KBr): 3482, 3377, 1688, 1602, 1270 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~25~H~26~FNO~2~ \[M + H\]^+^ 392.2025; found 392.2021.

### Ethyl 3-(Benzylamino)-\[1,1′-biphenyl\]-2-carboxylate **(4r)** {#sec3.6.19}

Yellow viscous liquid, yield: (213 mg, 89%), ^1^H NMR (500 MHz, CDCl~3~): δ 7.43--7.34 (m, 11H), 6.85 (s, 1H), 6.69 (d, *J* = 8 Hz, 2H), 4.48 (d, *J* = 5 Hz, 2H), 3.95--3.91 (q, 2H), 0.75 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.7, 148.7, 144.3, 143.6, 138.9, 131.9, 128.7, 128.0, 127.9, 127.2, 127.1, 126.7, 118.6, 113.7, 110.6, 60.4, 47.6, 13.1 ppm; IR (KBr): 3059, 2949, 1693, 1513, 1247 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~22~H~21~NO~2~ \[M + H\]^+^ 332.1650; found 332.1652.

### Ethyl 3-(Benzylamino)-5-isobutyl-\[1,1′-biphenyl\]-4-carboxylate **(4s)** {#sec3.6.20}

Pale green solid, yield: (106 mg, 71%); mp: 98--99 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.53 (d, *J* = 8.4 Hz, 2H), 7.52--7.36 (m, 7H), 7.31 (d, *J* = 7.2 Hz, 1H), 6.82 (s, 1H), 6.76--6.74 (dd, *J*~1~ = 1.6 Hz, *J*~2~ = 1.6 Hz, 2H), 4.46 (d, *J* = 5.2 Hz, 2H), 4.43--4.37 (m, 2H), 2.81 (d, *J* = 7.2 Hz, 2H), 1.90--1.85 (m, 1H), 1.42 (t, *J* = 7.2 Hz, 3H), 0.95 (d, *J* = 6.4 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.8, 149.4, 144.2, 143.6, 141.1, 140.8, 139.0, 128.7, 128.6, 127.6, 127.3, 127.2, 127.1, 127.0, 119.0, 108.3, 60.7, 74.9, 45.1, 30.1, 22.6, 14.2 cm^--1^; IR (KBr): 3314, 3021, 1671, 1539, 1441, 1123 cm^--1^; (ESI Mass) *m*/*z* calcd: C~26~H~29~NO~2~ \[M + Na\]^+^ 410.2096; found 410.2103.

### Methyl 3-(Benzylamino)-5-isobutyl-\[1,1′-biphenyl\]-4-carboxylate **(4t)** {#sec3.6.21}

Pale white solid, yield: (112 mg, 70%); mp: 93--94 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.51 (d, *J* = 7.2 Hz, 2H), 7.43--7.311 (m, 8H), 6.87 (s, 1H), 6.73 (d, *J* = 7.2 Hz, 2H), 4.45 (d, *J* = 4.8 Hz, 2H), 3.91 (s, 3H), 2.76 (d, *J* = 6.8 Hz, 2H), 1.85--1.78 (m, 1H), 0.92 (d, *J* = 6.8 Hz, 6H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.8, 149.4, 144.3, 143.7, 141.1, 140.8, 139.1, 128.8, 128.7, 127.7, 127.4, 127.3, 127.2, 119.1, 108.4, 52.5, 47.9, 45.1, 30.2, 22.7 cm^--1^; IR (KBr): 3214, 1676, 1612, 1465, 1325 cm^--1^; (ESI Mass) *m*/*z* calcd: C~25~H~27~NO~2~ \[M + Na\]^+^ 396.1939; found 396.1938.

### Ethyl 3-(Benzylamino)-4′,5-dimethyl-\[1,1′-biphenyl\]-2-carboxylate **(4u)** {#sec3.6.22}

Pale brown solid, yield: (86 mg, 62%); mp: 86--87 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.38 (d, *J* = 8 Hz, 2H), 7.23--7.16 (m, 7H), 6.84 (d, *J* = 1.5 Hz, 1H), 6.72 (d, *J* = 1.5 Hz, 1H), 4.51 (d, *J* = 7.5 Hz, 2H), 3.93--3.89 (m, 2H), 2.42 (s, 3H), 2.37 (s, 3H), 0.74 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.8, 149.3, 144.8, 140.7, 139.0, 137.9, 136.3, 129.4, 128.7, 128.5, 127.8, 127.2, 126.6, 116.7, 108.5, 60.3, 47.6, 21.2, 21.1, 13.1 cm^--1^; IR (KBr): 3123, 1662, 1591, 1429, 1268 cm^--1^; (ESI Mass) *m*/*z* calcd: C~24~H~25~NO~2~ \[M + Na\]^+^ 382.1783; found 382.1784.

### Ethyl 3-(Cyclohexylamino)-4′,5-dimethyl-\[1,1′-biphenyl\]-2-carboxylate **(4v)** {#sec3.6.23}

Pale white solid, yield: (90 mg, 67%); mp: 93--94 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.33 (d, *J* = 8.0 Hz, 1H), 7.14--7.06 (m, 4H), 6.66 (d, *J* = 15 Hz, 1H), 3.82--376 (m, 2H), 3.37 (s, 1H), 2.31 (s, 3H), 2.27 (s, 3H), 2.03--2.01 (m, 2H), 1.99--1.70 (m, 3H), 1.59--1.56 (m, 1H), 1.41--1.35 (m, 2H), 1.38--1.28 (m, 3H), 1.23 (t, *J* = 8.8 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.8, 148.7, 145.1, 140.6, 137.9, 136.2, 134.2, 129.4, 128.5, 127.8, 126.6, 111.6, 108.9, 60.2, 50.9, 33.0, 25.9, 24.8, 21.3, 21.1, 13.1 cm^--1^; IR (KBr): 3356, 1654, 1609, 1214, 1086 cm^--1^; (ESI Mass) *m*/*z* calcd: C~23~H~29~NO~2~ \[M + H\]^+^ 352.2276; found 352.2271.

### Methyl 2-(Benzylamino)-6-isobutyl-4-methylbenzoate **(4w)** {#sec3.6.24}

Pale green solid, yield: (85 mg, 64%); mp: 76--77 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.38--7.29 (m, 5H), 6.88 (s, 1H), 6.37 (s, 1H), 6.33 (s, 1H), 4.37 (d, *J* = 6.4 Hz, 2H), 3.87 (s, 3H), 2.67 (d, *J* = 6.8 Hz, 2H), 2.24 (s, 3H), 1.73--1.73 (m, 1H), 0.90 (d, *J* = 6.8 Hz, 6H) ppm; ^13^C NMR (100 MHz, CDCl~3~): δ 170.7, 149.9, 143.8, 142.4, 139.3, 128.6, 127.3, 127.1, 121.2, 110.8, 110.1, 51.7, 47.7, 45.4, 30.5, 22.7, 21.9 cm^--1^; IR (KBr): 3326, 1705, 1602, 1546, 1118 cm^--1^; (ESI Mass) *m*/*z* calcd: C~20~H~25~NO~2~ \[M + H\]^+^ 312.1963; found 312.1964.

### Ethyl 5′-Amino-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5a)** {#sec3.6.25}

Brown viscous liquid, yield: (123 mg, 81%); ^1^H NMR (500 MHz, CDCl~3~): δ 7.63 (t, *J* = 8.5 Hz, 2H), 7.47--7.40 (m, 2H), 7.39--7.35 (m, 6H), 6.93 (t, *J* = 4.5 Hz, 2H), 5.18 (s, 2H), 3.97--3.93 (q, 2H), 0.77 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.4, 148.6, 144.7, 144.4, 143.3, 140.2, 128.7, 128.1, 128.0, 127.9, 127.1, 126.8, 119.1, 113.8, 113.1, 60.4, 13.2 ppm; IR (KBr): 3476, 2801, 1673, 1402, 1123 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~19~NO~2~ \[M + H\]^+^ 318.1493; found 318.1494.

### Ethyl 5′-Amino-4″-methoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5b)** {#sec3.6.26}

Pale white solid, yield: (127 mg, 87%), mp: 133--134 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.63--7.61 (m, 2H), 7.47--7.45 (m, 2H), 7.39 (d, *J* = 7.5 Hz, 1H), 7.30 (t, *J* = 7 Hz, 2H), 6.96--6.91 (m, 4H), 5.11 (s, 2H), 4.02--3.98 (q, 2H), 3.88 (s, 3H), 0.86 (t, *J* = 7.5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.6, 158.8, 148.4, 144.3, 144.1, 140.3, 135.7, 129.1, 128.7, 128.6, 127.9, 127.1, 119.1, 113.5, 113.4, 60.4, 55.4, 13.4 ppm; IR (KBr): 3302, 3059, 1673, 1508, 1293 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~22~H~21~NO~3~ \[M + H\]^+^ 348.1599; found 348.1596.

### Ethyl 5′-Amino-4″-methyl-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5c)** {#sec3.6.27}

Red solid, yield: (135 mg, 91%), mp: 147--148 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.61 (d, *J* = 7 Hz, 2H), 7.44 (t, *J* = 7.5 Hz, 2H), 7.39 (d, *J* = 7.5 Hz, 1H), 7.26--7.20 (m, 4H), 6.93--6.91 (m, 2H), 5.11 (s, 2H), 3.99--3.95 (q, 2H), 2.42 (s, 3H), 0.80 (t, *J* = 7.5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.5, 148.4, 144.6, 144.3, 140.8, 140.3, 140.2, 136.5, 128.9, 128.7, 128.6, 127.9, 127.1, 119.1, 113.6, 60.4, 21.1, 13.2 ppm; IR (KBr): 3055, 2913, 1634, 1567, 1109 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~22~H~21~NO~2~ \[M + H\]^+^ 332.1650; found 332.1649.

### Ethyl 5′-Amino-4-bromo-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5d)** {#sec3.6.28}

Pale white solid, yield: (120 mg, 87%), mp: 89--90 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.58--7.56 (m, 2H), 7.49--7.47 (m, 2H), 7.40--7.34 (m, 5H), 6.88 (s, 2H), 5.19 (s, 2H), 3.97--3.93 (q, 2H), 0.76 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.3, 148.7, 144.9, 143.1, 143.0, 139.1, 131.9, 128.7, 128.0, 127.9, 126.9, 122.3, 118.7, 113.5, 113.4, 60.5, 13.2 ppm; IR (KBr): 3325, 3015, 1639, 1593, 1346 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~18~BrNO~2~ \[M + H\]^+^ 396.0598; found 396.0596.

### Ethyl 5′-Amino-3-bromo-4″-methoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5e)** {#sec3.6.29}

Brown viscous liquid, yield: (125 mg, 93%); ^1^H NMR (500 MHz, CDCl~3~): δ 7.75 (t, *J* = 2.5 Hz, 1H), 7.53--7.49 (m, 2H), 7.32--7.27 (m, 3H), 6.95 (d, *J* = 8.5 Hz, 2H), 6.86 (d, J = 9 Hz, 2H), 5.11 (s, 2H), 4.02--3.98 (q, 2H), 3.87 (s, 3H), 0.85 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.4, 158.9, 148.4, 144.3, 142.6, 142.4, 135.4, 130.8, 130.2, 130.1, 129.1, 125.7, 122.8, 118.8, 113.9, 113.5, 113.4, 60.5, 55.4, 13.4 ppm; IR (KBr): 3456, 3124, 1623, 1586, 1364 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~22~H~20~BrNO~3~ \[M + H\]^+^ 426.0704; found 426.0705.

### Ethyl 5′-Amino-4-chloro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5f)** {#sec3.6.30}

Yellow liquid; yield: (103 mg, 71%); ^1^H NMR (400 MHz, CDCl~3~): δ 7.58 (d, *J* = 7.2 Hz, 2H), 7.44--7.34 (m, 7H), 7.26 (t, *J* = 6 Hz, 1H), 6.91--6.84 (dd, *J*~1~ = 1.2 Hz, *J*~2~ = 8.4 Hz, 2H), 5.26 (s, 2H), 3.98--3.93 (q, 2H), 0.81 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (100 MHz, CDCl~3~): δ 169.1, 148.9, 144.5, 143.5, 141.9, 140.0, 132.8, 129.4, 128.8, 128.1, 128.0, 127.1, 118.9, 114.1, 112.5, 60.5, 13.3 ppm; IR (KBr): 3155, 2919, 2855, 2398, 1734, cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~18~ClNO~2~ \[M + H\]^+^ 352.1104; found 352.1097.

### Ethyl 5′-Amino-4-fluoro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5g)** {#sec3.6.31}

Brown viscous liquid, yield: (123 mg, 83%); ^1^H NMR (500 MHz, CDCl~3~): δ 7.60 (d, *J* = 8 Hz, 2H), 7.47--7.41 (m, 2H), 7.40--7.38 (m, 1H), 7.33--7.30 (m, 2H), 7.11--7.07 (m, 2H), 6.90 (d, *J* = 9 Hz, 2H), 5.21 (s, 2H), 4.00--3.96 (q, 2H), 0.84 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.2, 148.8, 144.4, 143.6, 140.8, 140.1, 129.6, 129.5, 128.8, 128.1, 127.1, 119.1, 114.8, 114.6, 113.9, 60.4, 13.3 ppm; IR (KBr): 3406, 3124, 1664, 1221, 1123 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~18~FNO~2~ \[M + H\]^+^ 336.1399; found 336.1399.

### Ethyl 5′-Amino-4″-bromo-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5h)** {#sec3.6.32}

Brown solid, yield: (109 mg, 79%), mp: 113--114 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.61--7.59 (m, 2H), 7.54--7.51 (m, 2H), 7.47--7.44 (m, 2H), 7.40 (d, *J* = 7.5 Hz, 1H), 7.23 (d, *J* = 8 Hz, 2H), 6.93 (d, *J* = 3.5 Hz, 1H), 6.86 (d, *J* = 3.5 Hz, 1H), 5.26 (s, 2H), 4.00--3.96 (q, 2H), 0.84 (t, *J* = 7.5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.0, 149.0, 144.6, 143.5, 142.4, 140.0, 130.9, 129.7, 128.8, 128.1, 127.1, 120.8, 118.9, 114.1, 112.4, 60.5, 13.3 ppm; IR (KBr): 3351, 3206, 1651, 1532, 1298 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~18~BrNO~2~ \[M + H\]^+^ 396.0598; found 396.0601.

### Ethyl 5′-Amino-3-bromo-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5i)** {#sec3.6.33}

Brown viscous liquid, yield: (107 mg, 77%); ^1^H NMR (500 MHz, CDCl~3~): δ 7.48 (s, 1H), 7.53--7.49 (m, 2H), 7.39--7.28 (m, 6H), 6.88--6.87 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 8.5 Hz, 2H), 5.18 (s, 2H), 3.96--3.92 (q, 2H), 0.75 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.2, 148.6, 144.9, 143.0, 142.7, 142.3, 130.9, 130.3, 130.2, 128.0, 127.9, 126.9, 125.8, 122.9, 118.9, 113.7, 113.5, 60.5, 13.2 ppm; IR (KBr): 3405, 1689, 1568, 1462, 1203 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~18~BrNO~2~ \[M + H\]^+^ 396.0598; found 396.0605.

### Methyl 5′-Amino-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5j)** {#sec3.6.34}

Pale white solid, yield: (125 mg, 86%), mp: 138--139 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.62 (d, *J* = 8.5 Hz, 2H), 7.45--7.35 (m, 8H), 6.96--6.93 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 9.5 Hz, 2H), 5.13 (s, 2H), 3.46 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.8, 148.5, 144.5, 144.4, 142.9, 140.1, 128.7, 128., 128.0, 127.9, 127.1, 126.9, 119.1, 113.8, 112.9, 51.2 ppm; IR (KBr): 3443, 3305, 1608, 1543, 1211 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~20~H~17~NO~2~ \[M + H\]^+^ 304.1337; found 304.1340.

### Methyl 5′-Amino-4-chloro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5k)** {#sec3.6.35}

Red viscous liquid, yield: (103 mg, 71%), ^1^H NMR (500 MHz, CDCl~3~): δ 7.55--7.53 (dd, *J*~1~ = 2 Hz, *J*~2~ = 7 Hz, 2H), 7.53--7.41 (m, 4H), 7.39--7.34 (m, 3H), 6.91--6.89 (dd, *J*~1~ = 2 Hz, *J*~2~ = 8.5 Hz, 2H), 5.14 (s, 2H), 3.45 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.7, 148.5. 144.7, 143.1, 142.8, 138.6, 134.1, 128.9, 128.4, 128.0, 127.8, 127.0, 118.8, 113.6, 113.2, 51.3 ppm; IR (KBr): 3463, 3323, 1778, 1621, 1460, 1209 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~20~H~16~ClNO~2~ \[M + H\]^+^ 338.0947; found 338.0950.

### Methyl 5′-Amino-3-bromo-4″-methoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5l)** {#sec3.6.36}

Yellow solid, yield: (119 mg, 92%), mp: 116--117 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.55 (d, *J* = 7 Hz, 1H), 7.54--7.50 (m, 2H), 7.33--7.27 (m, 3H), 6.95 (d, *J* = 9 Hz, 2H), 6.88--6.86 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 10 Hz, 2H), 5.07 (s, 2H), 3.88 (s, 3H), 3.51 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.9, 158.9, 148.3, 144.1, 142.7, 142.4, 135.1, 130.8, 130.3, 130.2, 129.2, 129.1, 129.0, 127.6, 125.7, 122.9, 118.9, 113.5, 113.4 ppm; IR (KBr): 3055, 3005, 1651, 1503, 1411 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~18~BrNO~3~ \[M + H\]^+^ 412.0548; found 412.0542.

### Ethyl 5′-Amino-4″-chloro-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5m)** {#sec3.6.37}

Brown red solid, yield: (99 mg, 69%), mp: 93--94 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.58 (d, *J* = 8.5 Hz, 2H), 7.44--7.34 (m, 5H), 7.27 (d, *J* = 8 Hz, 2H), 6.91--6.84 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 22 Hz, 2H), 5.23 (s, 2H), 3.98--3.93 (q, 2H), 0.81 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.1, 148.9, 144.5, 143.5, 141.9, 140.0, 132.8, 129.4, 128.8, 128.1, 128.0, 127.1, 118.9, 114.1, 112.5, 60.5, 13.3 ppm; IR (KBr): 3345, 3056, 1684, 1506, 1237 m^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~18~ClNO~2~ \[M + H\]^+^ 352.1104; found 352.1100.

### Ethyl 5′-Amino-4-methoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5n)** {#sec3.6.38}

Red viscous liquid, yield: (118 mg, 80%); ^1^H NMR (500 MHz, CDCl~3~): δ 7.57--7.55 (dd, *J*~1~ = 2.5 Hz, *J*~2~ = 6.5 Hz, 2H), 7.39--7.33 (m, 5H), 6.99--6.97 (dd, *J*~1~= 1.5 Hz, *J*~2~= 8 Hz, 2H), 6.89 (d, *J* = 6.5 Hz, 2H), 5.18 (s, 2H), 3.94--3.92 (q, 2H), 3.87 (s, 3H), 0.56 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.4, 159.7, 148.7, 144.7, 143.9, 143.4, 132.6, 129.0, 128.2, 128.0, 127.9, 126.7, 125.4, 118.8, 114.2, 113.2, 112.5, 60.3, 55.3, 13.2 ppm; IR (KBr): 3455, 3019, 1603, 1544, 1206, cm^--1^; HRMS (ESI) *m*/*z* calcd: C~22~H~21~NO~3~ \[M + H\]^+^ 348.1599; found 348.1594.

### Methyl 5′-Amino-4″-methyl-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5o)** {#sec3.6.39}

Brown solid, yield: (100 mg, 70%), mp: 88--89 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.61 (d, *J* = 7 Hz, 2H), 7.45--7.38 (m, 4H), 7.27--7.21 (m, 3H), 6.95--6.91 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 16 Hz, 2H), 5.09 (s, 2H), 3.49 (s, 3H), 2.42 (s, 3H), ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 170.0, 148.3, 144.4, 140.2, 139.9, 136.5, 128.8, 128.7(2C), 127.9, 127.8, 127.1, 119.2, 113.6, 113.2, 51.3, 21.2 ppm; IR (KBr): 3377, 2933, 1691, 1593, 1411, 1169 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~19~NO~2~ \[M + H\]^+^ 318.1493; found 318.1495.

### Methyl 5′-Amino-4-methyl-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5p)** {#sec3.6.40}

Yellow solid, yield: (101 mg, 71%), mp: 108--109 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.50 (d, *J* = 8.5 Hz, 2H), 7.40--7.32 (m, 5H), 7.25--7.23 (m, 2H), 6.91--6.89 (dd, *J*~1~ = 2 Hz, *J*~2~ = 9.5 Hz, 2H), 5.10 (s, 2H), 3.12 (s, 3H), 2.39 (s, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.9, 148.5, 144.5, 144.4, 143.1, 137.9, 137.2, 129.5, 127.9, 127.9, 126.9, 126.8, 119.0, 113.6, 112.7, 51.2, 21.1 ppm; IR (KBr): 3357, 1681, 1402, 122, 1108 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~21~H~19~NO~2~ \[M + H\]^+^ 318.1493; found 318.1497.

### Ethyl 5′-Amino-4-methyl-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5q)** {#sec3.6.41}

Brown red solid, yield: (137 mg, 92%), mp: 99--100 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.52 (d, *J* = 8 Hz, 2H), 7.39--7.35 (m, 5H), 7.27--7.25 (m, 2H), 6.93--6.92 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 5 Hz, 2H), 5.17 (s, 2H), 3.97--3.92 (q, 2H), 2.42 (s, 3H), 0.76 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.4, 148.6, 144.7, 144.2, 143.4, 137.9, 137.2, 129.5, 128.1, 127.9, 126.9, 126.7, 118.9, 113.5, 112.8, 60.3, 21.1, 13.2 ppm; IR (KBr): 3374, 3056, 1667, 1405, 1301 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~22~H~21~NO~2~ \[M + H\]^+^ 332.1650; found 332.1656.

### Ethyl 5′-Amino-3″-phenoxy-\[1,1′:3′,1″-terphenyl\]-4′-carboxylate **(5r)** {#sec3.6.42}

Pale white solid, yield: (91 mg, 67%), mp: 143--144 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 7.60 (d, *J* = 7 Hz, 2H), 7.46--7.34 (m, 6H), 7.08--7.04 (m, 6H), 6.92--6.90 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 7.5 Hz, 2H), 5.19 (s, 2H), 4.04--3.99 (q, 2H), 0.91 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.1, 157.2, 157.0, 148.7, 145.1, 144.4, 144.0, 140.1, 129.7, 129.1, 128.7, 128.0, 127.1, 123.3, 123.2, 119.0, 118.9, 118.6, 117.2, 114.0, 112.7, 60.4, 13.4 ppm; IR (KBr): 3382, 2980, 1689, 1583, 1488, 1224 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~27~H~23~NO~3~ \[M + H\]^+^ 410.1755; found 410.1758.

### 7-(Benzylamino)-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6a)** {#sec3.6.43}

Yellow solid, yield: (133 mg, 79%), mp: 201--202 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 9.13 (t, *J* = 5 Hz, 1H), 8.10--8.08 (dd, *J*~1~ = 1 Hz, *J*~2~ = 8 Hz, 1H), 7.59--7.57 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 8.5 Hz, 2H), 7.50--7.44 (m, 7H), 7.40 (t, *J* = 7 Hz, 2H), 7.36--7.32 (m, 3H), 6.87 (s, 1H), 4.62 (d, *J* = 5.5 Hz, 2H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.3, 152.3, 151.2, 148.6, 140.7, 138.1, 136.6, 130.2, 128.9, 128.8, 128.5, 127.4, 127.3, 127.1, 124.3, 123.3, 118.8, 117.3, 109.1, 107.2, 102.3, 47.2 ppm; IR (KBr): 3341, 2925, 1691, 1563, 1446, 1205 cm^--1^; Anal. calcd: for C~26~H~19~NO~2~: C, 82.74; H, 5.07; N, 3.71; found C, 82.69; H, 5.12; N, 3.65.

### 7-(Benzylamino)-4-bromo-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6b)** {#sec3.6.44}

Pale white solid, yield: (99 mg, 66%), mp: 189--190 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 9.15 (t, *J* = 5 Hz, 1H), 8.07 (d, *J* = 8 Hz, 1H), 7.61--7.59 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 6.5 Hz, 2H), 7.49 (t, *J* = 7 Hz, 1H), 7.50--7.33 (m, 10H), 6.79 (s, 1H), 4.62 (d, *J* = 5.5 Hz, 2H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.2, 152.3, 151.2, 147.4, 139.6, 138.0, 136.8, 132.0, 130.3, 128.9, 128.8, 127.4, 127.1, 124.4, 123.3, 122.9, 118.6, 117.4, 108.9, 106.8, 102.6, 47.2 ppm; IR (KBr): 3354, 1683, 1562, 1451, 1208, 1086 cm^--1^; Anal. calcd: for C~26~H~18~BrNO~2~: C, 68.43; H, 3.98; N, 3.07; found C, 68.34; H, 3.91; N, 3.15.

### 9-Phenyl-7-(phenylamino)-6*H*-benzo\[*c*\]chromen-6-one **(6c)** {#sec3.6.45}

Pale yellow solid, yield: (134 mg, 83%), mp: 205--206 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 10.23 (s, 1H), 8.02 (d, *J* = 8.5 Hz, 1H), 7.52 (s, 2H), 7.50--7.12 (m, 12H), 7.11--7.09 (dd, *J*~1~ = 1 Hz, *J*~2~ = 7 Hz, 1H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.3, 151.0, 150.2, 148.4, 140.3, 139.8, 136.6, 130.3, 129.6, 129.1, 128.9, 128.6, 127.4, 127.3, 124.8, 124.5, 123.8, 123.3, 117.4, 110.7, 108.8 ppm; IR (KBr): 3296, 1684, 1561, 1449, 1207 cm^--1^; Anal. calcd: for C~25~H~17~NO~2~: C, 82.63; H, 4.72; N, 3.85; found C, 82.51; H, 4.78; N, 3.79.

### 4-Bromo-9-phenyl-7-(phenylamino)-6*H*-benzo\[*c*\]chromen-6-one **(6d)** {#sec3.6.46}

Pale brown solid, yield: (108 mg, 74%), mp: 221--222 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.12 (d, *J* = 7 Hz, 1H), 7.75 (s, 1H), 7.55--7.51 (m, 3H), 7.46 (t, *J* = 8 Hz, 2H), 7.40--7.38 (m, 6H), 7.24 (t, *J* = 7 Hz, 2H), 5.76 (s, 1H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.2, 151.1, 150.3, 146.9, 139.7, 136.9, 136.0, 131.5, 130.5, 130.4, 130.3, 129.7, 126.8, 126.0, 125.0, 124.6, 123.9, 123.3, 117.4, 110.63, 108.7 ppm; IR (KBr): 3263, 1659, 1534, 1395, 1237 cm^--1^; (ESI Mass) *m*/*z* calcd: C~25~H~16~BrNO~2~ \[M + H\]^+^ 442.0442; found 442.0426.

### 7-(Cyclohexylamino)-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6e)** {#sec3.6.47}

Yellow solid, yield: (146 mg, 89%), mp: 223--224 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.75 (d, *J* = 7.5 Hz, 1H), 8.06--8.05 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 8 Hz, 1H), 7.70--7.69 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 3.5 Hz, 2H), 7.55--7.43 (m, 4H), 7.42 (d, *J* = 15 Hz, 1H), 7.39--7.27 (m, 2H), 6.89 (s, 1H), 3.58 (t, *J* = 3 Hz, 1H), 2.14--2.13 (m, 2H), 1.87--1.85 (m, 2H), 1.71--1.67 (s, 1H), 1.49--1.37 (s, 5H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.3, 151.7, 151.2, 148.6, 141.1, 136.7, 130.0, 128.9, 128.5, 127.4, 124.1, 123.2, 118.9, 117.3, 108.9, 106.3, 101.7, 50.8, 32.6, 25.8, 24.6 ppm; IR (KBr): 3381, 2930, 1686, 1566, 1460, 1257 cm^--1^; Anal. calcd: for C~25~H~23~NO~2~: C, 84.98; H, 6.86; N, 3.81; found C, 84.87; H, 6.79; N, 3.72.

### 7-(Butylamino)-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6f)** {#sec3.6.48}

Pale green solid, yield: (142 mg, 93%), mp: 193--194 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.59 (t, *J* = 4.5 Hz, 1H), 8.04 (d, *J* = 8 Hz, 1H), 7.71--7.69 (dd, *J*~1~ = 1 Hz, *J*~2~ = 6.5 Hz, 2H), 7.54--7.47 (m, 3H), 7.43 (d, *J* = 12.5 Hz, 2H), 7.31--7.27 (m, 2H), 6.85 (s, 1H), 3.34--3.30 (q, 2H), 1.81--1.75 (m, 2H), 1.58--1.51 (m, 2H), 1.02 (t, *J* = 7.5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.3, 152.5, 151.1, 148.6, 140.9, 136.5, 130.0, 129.1, 128.9, 128.5, 127.4, 124.2, 123.2, 118.9, 117.3, 108.4, 106.5, 42.9, 31.0, 20.4, 13.9 ppm; IR (KBr): 3163, 2938, 1693, 1547, 1489, 1237 cm^--1^; (ESI Mass) *m*/*z* calcd: C~23~H~21~NO~2~ \[M + H\]^+^ 344.1650; found 344.1632.

### 7-(Methylamino)-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6g)** {#sec3.6.49}

Pale yellow solid, yield: (124 mg, 93%), mp: 243--242 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.57 (s, 1H), 8.10--8.08 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 8 Hz, 1H), 7.73--7.72 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 7 Hz, 2H), 7.54--7.47 (m, 3H), 7.42 (d, *J* = 9 Hz, 2H), 7.40--7.31 (m, 2H), 6.86 (s, 1H), 3.07 (d, *J* = 5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.3, 153.3, 151.2, 148.9, 140.9, 136.5, 130.1, 129.1, 128.9, 128.6, 127.4, 124.3, 123.3, 118.8, 117.3, 115.0, 108.1, 106.7, 101.9, 29.8 ppm; IR (KBr): 3266, 1689, 1521, 1323, 1093 cm^--1^; (ESI Mass) *m*/*z* calcd: for C~20~H~15~NO~2~ \[M + H\]^+^ 302.1180; found 302.1188.

### 4-Bromo-7-(methylamino)-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6h)** {#sec3.6.50}

Yellow solid, yield: 114 mg, 91%), mp: 261--262 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.12--8.10 (dd, *J*~1~ = 1 Hz, *J*~2~ = 8 Hz, 1H), 7.74--7.72 (dd, *J*~1~ = 1.5 Hz, *J*~2~ = 6 Hz, 2H), 7.72--7.48 (m, 2H), 7.50--7.48 (dd, *J*~1~ = 1 Hz, *J*~2~ = 8 Hz, 2H), 7.36--7.33 (m, 2H), 6.88 (s, 1H), 5.70 (s, 1H), 3.09 (d, *J* = 5 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.8, 153.3, 136.6, 130.1, 129.1, 128.9, 128.6, 127.5, 125.2, 124.3, 123.4, 123.3, 118.9, 117.3, 111.1, 108.1, 106.7, 29.8 ppm; IR (KBr): 3355, 1684, 1568, 1258, 1109 cm^--1^; Anal. calcd: for C~20~H~14~BrNO~2~: C, 63.18; H, 3.71; N, 3.68; found C, 63.05; H, 3.64; N, 3.61.

### 7-(Phenethylamino)-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6i)** {#sec3.6.51}

Yellow solid, yield: (141 mg, 81%), mp: 227--228 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.71 (s, 1H), 8.03 (d, *J* = 7.5 Hz, 1H), 7.68 (d, *J* = 7 Hz, 2H), 7.54--7.28 (m, 12H), 6.85 (s, 1H), 3.59--3.56 (m, 2H), 3.08 (t, *J* = 7 Hz, 2H), ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 163.2, 152.2, 151.1, 148.6, 140.8, 139.0, 136.5, 130.1, 129.1, 128.9, 128.7, 128.6, 127.4, 126.6, 124.2, 123.2, 118.8, 117.3, 108.4, 106.8, 101.9, 44.8, 35.4 ppm; IR (KBr): 3093, 2911, 1653, 1423, 1386, 1249 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~27~H~21~NO~2~ \[M + H\]^+^ 392.1650; found 392.1648.

### 7-Amino-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6j)** {#sec3.6.52}

Yellow solid, yield: (97 mg, 76%), mp: 193--194 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.08--8.06 (dd, *J*~1~ = 1 Hz, *J*~2~ = 8 Hz, 1H), 7.68 (d, *J* = 8.5 Hz, 2H), 7.53--7.45 (m, 5H), 7.34--7.28 (m, 2H), 6.93 (s, 1H), 6.43 (s, 2H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 162.9, 152.3, 151.2, 148.3, 140.1, 136.2, 130.2, 128.9, 128.6, 127.3, 124.3, 123.3, 118.7, 117.4, 113.7, 108.4, 102.6 ppm; IR (KBr): 3357, 2920, 1692, 1577, 1262 cm^--1^; Anal. calcd: for C~19~H~13~NO~2~: C, 62.32; H, 3.30; N, 3.82; found: C, 62.45; H, 3.38; N, 3.89.

### 7-Amino-4-bromo-9-phenyl-6*H*-benzo\[*c*\]chromen-6-one **(6k)** {#sec3.6.53}

Red solid, yield: (81 mg, 67%), mp: 167--168 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.09 (d, *J* = 7 Hz, 1H), 7.82 (t, *J* = 1.5 Hz, 1H), 7.61--7.58 (m, 2H), 7.49 (d, *J* = 1.5 Hz, 2H), 7.40--7.34 (m, 3H), 6.90 (s, 1H), 6.46 (s, 2H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 162.8, 152.3, 151.2, 146.8, 142.3, 136.5, 131.5, 130.5, 130.4, 130.3, 130.2, 126.0, 124.4, 123.3, 123.1, 118.5, 117.5, 113.6, 108.2 ppm; IR (KBr): 2925, 1676, 1464, 1264, 1077 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~19~H~12~BrNO~2~ \[M + H\]^+^ 366.0129; found 366.0121.

### Ethyl 2-Benzoyl-7-(4-methoxyphenyl)-4,5-diphenylquinoline-8-carboxylate **(8)** {#sec3.6.54}

Pale brown viscous liquid, yield: (43 mg, 54%); ^1^H NMR (500 MHz, CDCl~3~): δ 8.39 (d, *J* = 9.5 Hz, 2H), 8.14 (s, 1H), 7.69 (s, 1H), 7.62--7.54 (m, 4H), 7.41--7.39 (dd, *J*~1~ = 3.5 Hz, *J*~2~ = 6.5 Hz, 2H), 7.06--7.00 (m, 11H), 4.27--4.22 (q, 2H), 3.87 (s, 3H), 1.11 (t, *J* = 8 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 192.7, 169.1, 159.8, 153.3, 150.3, 146.3, 141.7, 140.9, 139.8, 139.1, 136.2, 134.3, 133.1, 132.9, 131.7, 131.1, 130.0, 129.7, 129.3, 128.7, 128.6, 128.5, 128.4, 127.9, 127.6, 127.5, 127.4, 126.8, 126.1, 125.7, 124.2, 124.0. 114.1, 61.5, 55.3, 13.9 ppm; IR (KBr): 3058, 2932, 1729, 1662, 1512, 1446, 1249 cm^--1^; (ESI Mass) *m*/*z* calcd: C~38~H~29~NO~4~ \[M + H\]^+^ 564.2174; found 564.2159.

### 3-Benzoyl-1,12-diphenyl-5*H*-chromeno\[4,3-*h*\]quinolin-5-one **(9)** {#sec3.6.55}

Brown solid, yield: (44 mg, 49%), mp: 147--148 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.98 (d, *J* = 7 Hz, 1H), 8.30--8.10 (m, 4H), 7.70--7.61 (s, 4H), 7.55--7.34 (m, 7H), 7.12--7.01 (m, 5H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 189.6, 154.8, 153.0, 135.0, 134.7, 133.6, 133.4, 133.2, 132.2, 131.9, 130.5, 130.1, 129.9, 129.6, 129.5, 129.0, 128.9, 128.8(2), 128.4, 128.2, 127.9, 127.8, 127.6, 125.6, 125.1, 124.3, 123.8, 117.5 ppm; IR (KBr): 3058, 2932, 1729, 1662, 1512, 1446, 1249 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~35~H~21~NO~3~ \[M + H\]^+^ 504.1599; found 504.1589.

### Ethyl 4-(4-Fluorophenyl)-7-(4-methoxyphenyl)-2,5-diphenylquinoline-8-carboxylate **(10)** {#sec3.6.56}

Yellow solid, yield: (48 mg, 61%), mp: 68--69 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.26--8.23 (m, 2H), 7.67 (s, 1H), 7.62--7.60 (dd, *J*~1~ = 2 Hz, *J*~2~ = 6.5 Hz, 2H), 7.51 (s, 1H), 7.27 (s, 1H), 7.12 (t, *J* = 9 Hz, 3H), 7.04--7.00 (m, 10H), 4.52--4.48 (q, 2H), 3.88 (s, 3H), 1.35 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.7, 159.6, 154.9, 149.7, 147.4, 145.8, 142.8, 141.6, 141.4, 140.5, 132.1, 130.0, 129.7, 129.4, 129.3, 129.1, 127.5, 127.4, 127.2, 126.5, 122.3, 121.7, 115.7, 115.6, 115.0, 114.0, 61.4, 55.3, 14.3 ppm; IR (KBr): 3002, 2841, 1753, 1639, 1496, 1092 cm^--1^; HRMS (ESI) *m*/*z* calcd: C~37~H~28~FNO~3~ \[M + H\]^+^ 554.2131; found 554.2129.

### Ethyl 4,7-Bis(4-fluorophenyl)-2,5-diphenylquinoline-8-carboxylate **(11)** {#sec3.6.57}

Pale yellow solid, yield: (51 mg, 63%), mp: 123--124 °C; ^1^H NMR (500 MHz, CDCl~3~): δ 8.28--8.25 (m, 2H), 7.80 (s, 1H), 7.66--7.64 (dd, *J*~1~ = 5 Hz, *J*~2~ = 8.5 Hz, 2H), 7.50 (s, 1H), 7.23--7.17 (m, 4H), 7.06--6.99 (m, 10H), 4.51--4.47 (q, 2H), 1.34 (t, *J* = 7 Hz, 3H) ppm; ^13^C NMR (125 MHz, CDCl~3~): δ 169.2, 155.1, 149.8, 147.2, 141.8, 141.2, 140.4, 138.1, 131.8, 130.6, 130.5, 129.7, 129.5, 129.4, 129.3, 128.7, 127.6, 127.5, 127.3, 126.6, 122.7, 122.0, 115.8, 115.7, 115.6, 115.4, 61.5, 14.3 ppm; IR (KBr): 3056, 2921, 1892, 1731, 1601, 1545, 1158 cm^--1^; (ESI Mass) *m*/*z* calcd: C~36~H~25~F~2~NO~2~ \[M + H\]^+^ 542.1931; found 542.1918.
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